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Abstract. Background/Aim: The purpose of this study was
to explore the perioperative, short-term, and long-term
prognostic differences in colorectal cancer (CRC) between
young and older patients. Patients and Methods: A total of
3095 patients were divided into young (<45 years; n=139)
and older (>45 years;, n=2956) groups. Then, propensity
score matching was performed for patients in stage I to II1
according to a ratio of 1:1. The clinicopathological factors
and prognosis of the two groups were studied. Results: Young
patients with CRC account for 4.49% of the total number of
patients with CRC. Younger patients with CRC in stage I to
III showed better cancer-specific survival (CSS). Older age
was an independent risk factor for CSS prognosis. The CSS
of the younger group was significantly better in stage I to 111
as a whole, but there was no difference in stage I and II
subgroups — only in stage IIl. The proportion of young
patients with stage Il disease receiving first-line adjuvant
chemotherapy was significantly higher. When young patients
relapsed, they were more likely to receive second-line
adjuvant chemotherapy or reoperation than older patients.
Conclusion: Younger patients with stage IIl colorectal
cancer had better CSS rates.

The incidence of colorectal cancer (CRC) in young patients
is increasing in the United States (1). Despite advances in
screening technology and treatment, CRC is the second
leading cause of cancer-related deaths in Japan; more than
50,000 people died of CRC in 2016, many of whom were
young patients (2).
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CRC is relatively unique in that it affects a large age span,
from young to old. There are few studies on young patients
diagnosed with CRC and the clinical outcome of these patients
is not clear. Previous reports have shown that younger patients
with CRC are more likely to develop progressive disease and
have a worse prognosis than older patients (3). However, other
reports have suggested that young patients’ survival rates are
similar to those of older patients (4). The reason for this
contradiction may be related to the individual study’s definition
of a “young” patient. Some studies classify any patients <50
years old (5, 6) as young, whereas other studies classify
patients <45 years of age (7, 8) as young. In addition, the
different clinical characteristics of the young and older patients
may also lead to inconsistent results.

In recent years, propensity score matching (PSM) has
been widely used in clinical studies to reduce differences
between study groups (9, 10). The purpose of our study was
to analyze, using PSM, the difference in prognosis between
young and older patients with CRC during the perioperative,
short-term, and long-term period.

Patients and Methods

This was a 10-year retrospective cohort study of a high-volume cancer
center in Japan. Cases were selected from 3570 patients with CRC
who underwent surgical resection at the Saitama Medical University
International Medical Center from October 2007 to December 2016.
Patients with neuroendocrine colon tumors or without indications for
surgery were excluded. All patients signed a written, informed consent
form. The ethics committee of the Saitama Medical University
International Medical Center approved the study.

The patients with CRC were divided into young (<45 years; n=139)
and old (>45 years; n=2,956) groups (Figure 1). The basic medical
history and preoperative comorbidities of the patients were collected
from the outpatient medical records, and short-term postoperative
comorbidities were screened from the discharge summary. Resection
specimens were classified pathologically according to the seventh
edition of the International Union Against Cancer TNM classification.
Propensity score weights were used to balance the basic variable
logistic regression model using polynomials for comparative analysis.
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Sex, family history, tumor location, postoperative complications,
preoperative carcinoembryonic antigen (CEA) levels, surgical
methods, tumor morphology, pathological type, peritoneal metastasis,
depth of invasion, lymphatic infiltration, peripheral nerve invasion,
blood vessel infiltration, and lymph node metastasis were included in
the matching model. Independent risk factors for relapase-free survival
(RFS) and cause-specific survival (CSS) were determined by Cox
regression analysis and the Wald test.

All statistical analyses were performed using the SPSS software
package version 22.0 for Macintosh (IBM Japan, Tokyo, Japan).
Survival rates were drawn using the Kaplan-Meier method and log-
rank test. A p-value <0.05 was considered statistically significant.

Results

A total of 3095 patients with primary CRC were included in
this study, of which 2956 (95.51%) were >45 years of age,
and 139 patients (4.49%) were <45 years. First, the patients
were analyzed by single factor analysis. There was a 20-year
difference in the mean age of the 2 groups [mean (y) = SD,
40+0.48 vs. 60+0.007; p<0.001]. Compared to the older
patients, the young CRC group had 1) more female patients
(48.2% vs. 39.0%; p=0.033); 2) greater family history of
CRC (29.5% vs. 18.4%; p=0.002); 3) more rectal cancer
(54.0% vs. 39.8%; p=0.001); 4) a higher proportion of signet
ring, mucinous, and low-differentiated adenocarcinoma
(7.9% vs. 4.1%; p=0.048); 5) more protruding-proliferative
type (36.7% vs. 25.2%; p=0.004); and 6) more shallow
infiltration (T1: 29.5% vs. 19.1%; p=0.017) than the older
CRC group. Shallow infiltration was more easily detected in
the early stage (stage I: 35.3% vs. 25.9%; p=0.044).
However, there were no significant differences in CEA =5
ng/ml (31.7% vs. 37.6%; p=0.178), peritoneal metastasis
(43.2% vs. 40.8%; p=0.597), and lymphatic infiltration
(37.4% vs. 31.6%; p=0.162). Regarding surgery type, there
was no difference in whether the operation was open or
laparoscopic between the 2 groups (p=0.331) (Table I).
Next, we performed multivariate analysis on the 2 groups
before matching. It was found that patients with rectal cancer
[hazard ratio (HR)=0.755; 95% confidence interval
(CI)=0.613-0.931; p=0.009] and ulcerative and infiltrating
proliferation (HR=0.495; 95%CI1=0.34-0.720; p<0.001) were
more prone to relapse than those with colon cancer. Patients
with pathology revealing signet ring cell carcinoma,
mucinous adenocarcinoma, and poorly differentiated
adenocarcinoma were more likely to relapse than those with
adenocarcinoma (HR=0.592; 95%CI=0.395-0.888; p=0.011).
In the group with CEA level =5 ng/ml, recurrence rates
increased (HR=0.548; 95%CI=0.443-0.676; p<0.001), and
CSS decreased significantly (HR=0.596; 95%CI=0.459-
0.774; p<0.001). Lymphatic invasion, vascular invasion, and
lymph node metastasis were also independent risk factors for
both RFS and CSS: 1) lymphatic invasion for RFS
(HR=0.706; 95%CI=0.564-0.883; p=0.002) and CSS
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(HR=0.639; 95%CI1=0.485-0.841; p=0.001); 2) vascular
invasion for RFS (HR=0.554; 95%CI1=0.423-0.725; p<0.001)
and CSS (HR=0.529; 95%C1=0.386-0.726; p<0.001); and 3)
lymph node metastasis for RFS (HR=0.376; 95%CI=0.264-
.536; p<0.001) and for CSS (HR=0.559; 95%CI=0.339-
0.923; p=0.023) (Table III).

We then matched the 2 groups with a propensity score of
1:1. A total of 139 young patients were compared with 139
older patients. Initially, we matched all cases of stage I to IV
and found no differences in CSS between the 2 groups, as well
as in stage IV (before PSM, p=0.392; after PSM, p=0.257).

Then we matched 114 patients in stage I to III again, with
a mean age difference of about 27 years (40+0.48 vs.
67+0.54; p<0.001). There was no statistical difference in
patient clinical characteristics between the 2 groups,
including the number of lymph nodes removed (Table II).

We analyzed the prognosis of patients before PSM. There
was no difference in overall CSS and RFS rate. The younger
patients with CRC had a better CSS rate for stage I to III,
and after matching, the difference became more obvious
(before PSM, p=0.046; after PSM, p=0.005) (Figure 2A and
3A). There was no difference between the younger and older
patients with CRC in stage II (before PSM, p=0.410; after
PSM, p=0.983) (Figure 2B and 3B). There was no difference
in RFS among the various stages. Interestingly, there was no
significant difference between the 2 groups in the
prematching stage III, but after matching, the CSS prognosis
in the older group was significantly worse (before PSM,
p=0.405; in PSM, p=0.031) (Figure 2C and 3C).

Cox regression analysis after matching showed that the
older group (HR=0.247; 95%CI1=0.085-0.719; p=0.010) and
higher CEA level were independent risk factors (HR=0.108;
95%C1=0.027-0.430; p=0.002) for CSS (Table IV).

Considering that the patient's underlying disease and
postoperative recovery may affect the prognosis, we compared
the perioperative factors between the 2 groups. As expected, the
background of the patients after matching showed that the older
group had more diabetes mellitus (14.9% vs. 1.8%; p<0.001)
and hypertension diagnoses (43.8% vs 6.1%; p<0.001) and
preoperative surgical history (28.9% vs. 12.2%; p<0.001).
However, there was no significant difference in operation time,
blood loss, postoperative food intake, hospital stay, length of
specimen resection, postoperative complications (e.g.,
anastomotic leakage) and recurrence (Table IV). We further
investigated the postoperative adjuvant chemotherapy in
patients with stage III, and we found that the proportion
receiving adjuvant chemotherapy in the younger group was
much higher (76.9% vs. 38.5%; p<0.001). The proportion of the
2 groups receiving second-line chemotherapy or reoperation
after relapse was significantly higher in the younger group than
in the older group (81.8% vs. 40%; p<0.001) (Table V). Eleven
patients (28.2%) in the young group relapsed, 6 patients
(54.5%) had additional targeted drug chemotherapy, and 3
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Table 1. Clinicopathological parameters for patients before matching.

Parameters Younger Older p-Value
CRC CRC
Gender (Total n=) 139 2956

Male 72 (51.8%) 1.802 (62.0%)

Female 67 (48.2%) 1.154 (39.0%) 0.033
Age (year) 40+0.48 60+0.007 <0.001
Family CRC history

No 98 (70.5%) 2413 (81.6%)

Yes 41 (29.5%) 543 (18.4%) 0.002
Tumor location

Colon 64 (46.0%) 1777 (60.2%)

Rectum 75 (54.0%) 1179 (39.8%) 0.001
CEA (ng/ml)

<5 95 (68.3%) 1.844 (62.4%)

=5 44 (31.7%) 1.112 (37.6%) 0.178
Approach of operation

Open 23 (16.5%) 604 (20.4%)

Laparoscopic 116 (83.5%) 2.352 (79.6%) 0.331
Gross type

Protruding 51 (36.7%) 745 (25.2%)

Ulcerative & infiltrative 88 (63.3%) 2211 (74.8%) 0.004
Histopathology

Adenocarcinoma 128 (92.1%) 2835 (95.9%)

Mucinous, signet, poor 11(7.9%) 121 (4.1%) 0.048
Perineural invasion

No 79 (56.8%) 1.749 (59.2%)

Yes 60 (43.2%) 1.207 (40.8%) 0.597
Infiltration lymphatic vessels

No 87 (62.6%) 2.023 (68.4%)

Yes 52 (37.4%) 933 (31.6%) 0.162
Vascular invasion

No 60 (43.2%) 1.184 (40.1%)

Yes 79 (56.8%) 1.772 (59.9%) 0.48
Infiltration type

Inflated 36 (25.9%) 452 (15.3%)

Infiltrating 103 (74.1%) 2.504 (84.7%) 0.002
Infiltration depth

T1 41 (29.5%) 564 (19.1%)

T2 18 (12.9%) 397 (13.4%)

T3 62 (44.6%) 1.633 (55.2%)

T4 18 (12.9%) 362 (12.2%) 0.017
Stage

I 49 (35.3%) 767 (25.9%)

I 28 (20.1%) 843 (28.5%)

111 40 (28.8%) 924 (31.3%)

v 22 (15.8%) 422 (14.3%) 0.044

patients (27.3%) had reoperation performed. However, in the
older group, 15 (38.5%) patients relapsed, 8 patients (53.3%)
chose hospice, 5 (33.3%) received second-line chemotherapy,
and just 1 (6.7%) patient elected to have surgery.

Discussion

Current European guidelines recommend CRC screening from
the age of 50. In 2018, the American Cancer Society

Table I1. Clinicopathological parameters for patients in stage I-11I after
matching.

Parameters Younger Older p-Value
CRC CRC
Gender (Total n=) 114 114

Male 59 (51.8%) 59 (51.8%)

Female 55 (48.2%) 55 (48.2%) 1
Age (year) 40+0.48 67+0.54 <0.001
Family CRC history

No 79 (69.3%) 87 (76.3%)

Yes 35 (30.7%) 27 (23.7%) 0.297
Tumor location

Colon 48 (42.1%) 50 (43.9%)

Rectum 66 (57.9%) 64 (56.1%) 0.894
Postoperative complications

No 84 (73.7%) 91 (79.8%)

Yes 30 (26.3%) 23 (20.2%) 0.347
CEA (ng/ml)

<5 81 (71.1%) 82 (71.9%)

=5 33 (28.9%) 32 (28.1%) 1
Approach of operation

Open 14 (12.3%) 13 (11.4%)

Laparoscopic 100 (87.7%) 101 (88.6%) 1
Gross type

Protruding 46 (40.4%) 48 (42.1%)

Ulcerative & infiltrative 68 (59.6%) 66 (58.8%) 0.893
Histopathology

Adenocarcinoma 106 (93.0%) 110 (96.5%)

Mucinous, signet, poor 8 (7.0%) 4 (3.5%) 0.375
Perineural invasion

No 73 (64.0%) 75 (65.8%)

Yes 41 (36.0%) 39 (34.2%) 0.89
Infiltration lymphatic vessels

No 79 (69.3%) 75 (65.8%)

Yes 35 (30.7%) 39 (34.2%) 0.671
Vascular invasion

No 54 (47.4%) 50 (43.9%)

Yes 60 (52.6%) 64 (56.1%) 0.69
Infiltration type

Inflated 34 (29.8%) 30 (26.3%)

Infiltrating 189 (70.2%) 84 (73.7%) 0.659
Infiltration depth

T1 39 (29.5%) 39 (29.5%)

T2 18 (12.9%) 18 (12.9%)

T3 51 (44.6%) 51 (44.6%)

T4 6 (12.9%) 6 (12.9%) 1
Stage

I 48 (42.1%) 48 (42.1%)

11 27 (23.7%) 27 (23.7%)

1II 39 (34.2%) 39 (34.2%) 1
Lymph node resections (n=)  31.6+1.7 30.7+1.2 0.118

recommended screening from the age of 45 (11). This study is
based on the new American colorectal screening guidelines.
Patients under the age of 45 were defined as the young group.
The average age of patients in the young group was 40 years old,
and their family history of CRC was close to 30%, which is
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Table III. Cox regression model comparing the prognosis of patients in stage I-I1l before matching.

Relapse-free survival

Cancer specific survival

Variable HR 95%CI p-Value HR 95%CI p-Value
Older vs. Younger 1.032 0.63-1.689 0.901 2.303 0.945-5.61 0.066
Female vs. Male 1.11 0.894-1.378 0.346 1.434 1.092-1.883 0.01
Family CRC history, yes vs. no 1.037 0.825-1.394 0.599 0.837 0.591-1.185 0.315
Rectum vs. Colon 0.755 0.613-0.931 0.009 1.165 0.9-1.508 0.247
CEA level (=5 ng/ml), yes vs. no 0.548 0.443-0.676 0 0.596 0.459-0.774 0
Gross type, Ulcerative and Infiltrative vs. Protruding 0.495 0.34-0.720 0 1.169 0.832-1.642 0.369
MUC, SRC, Poor vs. ADC 0.592 0.395-0.888 0.011 0.648 0.382-1.099 0.108
Perineural invasion, yes vs. no 0.982 0.704-1.368 0913 1.154 0.707-1.884 0.568
Lymphatic invasion, yes vs. no 0.706 0.564-0.883 0.002 0.639 0.485-0.841 0.001
Vascular invasion, yes vs. no 0.554 0.423-0.725 0 0.529 0.386-0.726 0
INF b,c vs. INFa 0.743 0.479-1.153 0.185 0.892 0.58-1.374 0.605
Lymph node metastasis, yes vs. no 0.376 0.264-0.536 0 0.559 0.339-0.923 0.023
Table IV. Cox regression model comparing the prognosis of patient in stage I-11l after matching.

Relapse-free survival Cancer specific survival
Variable HR 95%Cl1 p-Value HR 95%C1 p-Value
Older vs. Younger 0.908 0.443-1.859 0.792 0.247 0.085-0.719 0.01
Female vs. Male 1.191 0.580-2.445 0.635 0.908 0.363-2.270 0.837
Rectum vs. Colon 0.774 0.357-1.677 0.516 1.876 0.737- 4.77 0.187
CEA level (=5 ng/ml), yes vs. no 0.477 0.210-1.085 0.077 0.108 0.027-0.430 0.002
Gross type, Ulcerative and Infiltrative vs. Protruding 0.507 0.140-1.841 0.302 4,081 0.697-23.91 0.119
MUC, SRC, Poor vs. ADC 1.361 0.376-4.927 0.639 0.896 0.182-4.418 0.893
Perineural invasion, yes vs. no 0.423 0.084-2.130 0.297 0.741 0.045-12.19 0.834
Lymphatic invasion, yes vs. no 1.407 0.636-3.112 0.4 0.705 0.255-1.948 0.501
Vascular invasion, yes vs. no 0.581 0.228-1.480 0.255 0.408 0.109-1.52 0.182
INF b, vs. INFa 1.591 0.526-4.810 0.411 1.741 0.364-8.326 0.487
Lymph node metastasis, yes vs. no 0.209 0.055-1.525 0.144 0.343 0.019-6.160 0.468

ADC: Adenocarcinoma; CEA: carcinoembryonic antigen; CI: confidence interval; CRC: colorectal cancer; HR: hazard ratio; Muc: mucinous
adenocarcinoma; Poor: poor poorly differentiated adenocarcinoma; SRC: signet ring cell carcinoma; INF: infiltrating pattern of invasion; INFa:
swelling proliferation; INF c: invasive proliferation; INF b: between a and c; vs., versus.

much higher than that of the older group. Therefore, this
reinforces the need to screen for a family history of CRC in
patients from 40 years of age. Unlike previous reports (12), our
study found that compared with older patients, invasive
proliferative CRC in young patients was less common, and the
number of patients in stage T1 was relatively high. This may
explain why our findings indicated that the CSS prognosis was
better in the young group in stage I to III. Contrary to some
reports, we did not find any statistically significant differences
in DFS before or after the match between the 2 groups (12, 13).
This is also possibly due to the fact that 35.3% of the young
patients were in stage I, which is 10% more than the older group,
or may also be related to stable postoperative performance.

In Cox regression analysis, vascular infiltration and
lymphatic invasion are considered to be independent risk
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factors for RFS and CSS. However, in this study, we did not
find any difference between the 2 groups for RFS and CSS.
There are reports in the literature that the number of lymph
nodes removed is related to the prognosis of tumor treatment
(14, 15). Considering that lymph node metastasis was a
common independent risk factor for RFS and CSS before
matching, we aimed to keep the number of resected lymph
nodes similar when performing PSM. In Japan, surgeons
generally dissect the lymph nodes after surgery instead of
handing the specimens to the pathologist. This makes it easier
to collect smaller lymph nodes while the specimens are still
fresh. The number of harvested lymph nodes is approximately
30, which is more conducive to lymph node analysis.

In the matched Cox regression analysis, we surprisingly
found that older age was an independent high risk factor for
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‘ Colorectal malignant tumors
( n=3,570)

Younger and Older CRC
| ( n=3,095)

Younger CRC
n=139 (4.49%)

Exclusion criteria:

No indication for radical surgery
Recurrent disease
Neuroendocrine tumor

Older CRC
n=2,956 (95.51%)

Exclusion criteria:
1 Stage IV

Propensity score matching for

patients in stage I-I1I
(1:1)

Younger CRC
(n=114)

Figure 1. Research flow chart. CRC: Colorectal cancer.

CSS. This is also one of the interesting findings of our study
which indicates that, when keeping all patient variables
constant, older patients were more likely to have a worse
prognosis. This finding coincides with previous reports (5, 16).

Surgical treatment is a vital part of colorectal treatment. In our
study, there were no differences in postoperative results between
the 2 groups due to age differences. We found that patients in
stage I and II can have better CSS after rigorous surgical
resection. In other words, regardless of age, early screening is
extremely important. Only in stage III we found that when the
number of lymph nodes cleared was equal, CSS in the young
group was far better than that in the older group. This highlights
the fact that, although the young group of patients had an earlier
onset, the prognosis may not be necessarily poor. In addition to
the homogeneous perioperative performance, we found that for
patients in stage III, the proportion of postoperative adjuvant
chemotherapy may directly affect the long-term survival rate of
patients. We found that 53.3% of young patients chose
oxaliplatin-containing chemotherapy after central vein
chemotherapy pump implantation. In contrast, 66.7% of older

Older CRC
(n=114)

patients were more inclined to take orally chemotherapy drugs.
Discovering how to improve the adjuvant chemotherapy
introduction rate in older patients will be critical for improving
the clinical outcome of CRC in that population. Young patients
were more tolerant of second-line chemotherapy or reoperation
in this research, which may also be one of the reasons for the
difference in prognosis between the 2 groups.

This study does have some limitations. Some studies have
reported that there are differences in microsatellite instability
and KRAS and BRAF gene variations in young and older
patients with CRC (4, 5, 17), which can also guide future
clinical targeted therapy and immunotherapy. Secondly,
although PSM reduced the differences between groups, it also
greatly reduced the sample size, and it was impossible to
completely match the preoperative comorbidities, which may
also have caused some statistical bias. Further, despite follow-
up results from high volumn cancer centers over the past
decade, the number of young patients was still small, so we
hope that additional multi-center international research on
young patients with CRC will be conducted in the future.
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Table V. Characters of patients after matching.

Parameter Younger (n=114) Older (n=114) p-Value
Diabetes 2 (1.8%) 17 (14.9%) <0.001
Hypertension 7 (6.1%) 50 (43.8%) <0.001
Abdominal surgery 14 (12.2%) 33 (28.9%) <0.001
Respiratory diseases 4 (3.5%) 5 (4.4%) N.S.
Intestinal obstruction 2 (1.8%) 2 (1.8%) N.S.
Cerebrovascular disease 2 (1.8%) 4 (3.6%) N.S.
Mental disorder 3 (2.6%) 4 (3.6%) N.S.
Nephropathy 1 (0.9%) 2 (1.8%) N.S.
Gynecology surgery 12 (10.5%) 13 (11.4%) N.S.
Others 2 (1.8%) 4 (3.6%) N.S.
Operative time, min 220.2+7.8 213.5+4 .8 N.S.
Operative blood loss, ml 88.2+18.1 80.1x13.1 N.S.
Food intake, POD

Median 3.0 (2-48) 3.0 (2-20)

Mean 3.7+0.3 3.320.1 N.S.
Discharge, POD

Median 7.0 (4-78) 7.0 (5-57)

Mean 10.3+0.8 9.6+0.4 N.S.
Resection margin, cm

Proximal 13.1£1.1 12.7+0.4

Distal 5.9+0.4 6.8+0.3 N.S.
Lymph node dissection

D3/D2/D1 90/19/5 88/20/6 N.S.

Anastomotic leakage 6 (5.2%) 7 (6.1%) N.S.

Bowel obstruction 9 (7.8%) 8 (7.0%) N.S.

Wound infection 2 (1.8%) 3 (2.6%) N.S.

Bleeding 6 (5.2%) 2 (1.8%) N.S.

Pneumonia 0 (0.0%) 2 (1.8%) N.S.

Dehydration from diarrhea 2 (1.8%) 1 (0.9%) N.S.

Recurrence 17 (14.92%) 16 (14.0%) N.S.

Adjuvant chemotherapy for patients in Stage III 30/39 (76.9%) 15/39 (38.5%) <0.001

Chemotherapy and reoperation after relapse in stage III 9/11 (81.8%) 6/15 (40%) 0.048

D3: Dissection of the third group (central) lymph nodes; D2: dissection of the second group (middle) lymph nodes; D1: dissection of the first group

(marginal intestine) lymph nodes; POD, post-operation days.

In summary, this study found that age higher that 45 years
was an independent risk factor for CRC, and young patients
with stage III CRC have better CSS. Young patients have
higher compliance with postoperative adjuvant chemotherapy
and have a better chance of having second-line adjuvant
chemotherapy or reoperation when they relapse.

Conclusion
Younger patients with stage III CRC have better CSS rates, and
improving postoperative adjuvant chemotherapy compliance

may be a critical area to target for improving outcomes.
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